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 Background: Arbuscular mycorrhizal fungi (AMF) and their hyphal exudates greatly 

influence the soil quality and physical properties. Objective: An experiment was 

conducted with six AMF treatments including four exotic species inoculums 

(Funneliformis mosseae ،Claroideoglomus claroideum and Rhizophagus irregularis and 

a mixed of three species), one mixed of three native AMF species treatment and an 
AMF–free soil (control) in four salinity levels (1, 5, 10 and 15 dS m-1). Results: AMF 

increased the soil easily extractable (EEG) and total (TG) glomalin and hot water 

(HWC) and dilute acid (DAC) extractable carbohydrates compared to control in all 
salinity levels. The native AMF treatment had greater effects on the measured 

properties at 10 and 15 dS m-1 compared to the mixed exotic AMF treatment. Soil 

glomalin concentrations were higher in the mixed exotic AMF treatment than each of 
the individual species. The greatest glomalin concentration was observed in F. mosseae 

at 1, 5 and 15 dS m-1, but the greatest glomalin concentration was related to C. 

claroideum at 10 dS m-1. The highest carbohydrate concentrations were related to F. 
mosseae at 1 and 5 dS m-1. Conclusion: Our findings showed the ability of AMF for 

changing the soil glomalin and carbohydrate concentration greatly depended on soil 

salinity and a good combination between salinity and AMF species could increase the 
soil quality. 
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INTRODUCTION 

 

 Arbuscular mycorrhizal fungi (AMF) symbiosis with plants occurs naturally in saline soils. Some positive 

effects of these fungi on plant nutritional statues, soil structural properties and alleviating biotic and abiotic 

stresses have been reported [10,17, 35]. The AMF have been known as a soil quality factor by three important 

mechanisms including plant physiology, soil ecological interaction and soil engineering [27]. The positive effect 

of AMF exudates (eg., glomalin and carbohydrate) on soil nutrient cycle and physical properties has been 

observed [10]. 

 Glomalin as a stable glycoprotein, coats the AMF hyphae and decreases the water and nutrient losses before 

reaching to plant host. This toxic protein protects the hyphae from other microorganisms [17]. The positive 

effects of AMF on soil glomalin concentration were reported by Wu et al. [37] and Rillig et al. [29]. A growing 

body of researches suggests that glomalin has a hydrophobic nature [11, 27, 28, 29, 39]. The attachment of these 

materials to the soil surface can change polarity of the soil particles and alter a hydrophilic surface to 

hydrophobic one by reducing surface energy [5]. Also, glomalin have been known as soil structural stability 

agent [12, 27]. Caravaca et al. [2] also reported that the plant inoculation with C. claroideum and the mix of 

native AMF species increase the the soil glomalin concentration.  

 Soil carbohydrates are important part of carbon cycle and important in soil structural stability. Hooker et al. 

[13] showed that the carbohydrate concentration increased in the presence of AMF. Mechri et al. [22] reported 

the change in soil carbohydrate composition in the presence of some AMF species.  

 The AMF exist as communities and their exudates are affected by the community composition [27]. Many 

studies have used exotic AMF species for investigating the fungi functioning [5, 22]. In these experiments, the 

response of exotic AMF to the environmental conditions is less than native ones [15].  

 Many ecosystems do not provide favorable condition for AMF growth and functioning [27]. The AMF 

responses like percent of colonization, diversity and glomalin production to different environmental factors (eg., 
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drought, nutrient, carbon dioxide and salinity) have been well documented [1, 5, 8]. Rillig and Steinberg [30] 

found the effect of physical growing space on glomalin production by AMF hyphae. Rillig et al. [32] reported 

elevated carbon dioxide significantly increased root colonization but induced a reduction in glomalin 

concentration. Similar trend was observed by increasing temperature [31].  

 Salt affected soils occupy nearly 8% of earth surface and are developing globally over time [10]. This 

problem has adverse impacts on soil degradation and crop production in agricultural lands. Some of these effects 

including soil structural impacts, soil hydraulic conductivity and infiltration rate have been studied previously 

[3, 4]. Kohler et al. [17] and Hammer and Rillig [12] reported positive or negative effects of soil salinity on 

glomalin production by AMF.  

 Saline soils occupy considerable agricultural lands of Iran. Increasing the soil quality in these lands is very 

important for increasing crop production. Native AMF from saline soils are adapted with this condition and 

could be used for increasing the soil quality in these soils. To our knowledge, the effects of native AMF species 

from Iranian saline soil on soil glomalin and carbohydrate concentration have not been studied previously. In 

addition, the interaction between salinity and different AMF species on the soil glomalin and carbohydrate 

concentration has not been adequately reported. The objective of this study was to investigate the effects of 

three exotic AMF Glomus species isolated from non–saline soil and a native AMF inoculum from a saline soil 

on soil glomalin and carbohydrate concentration in four salinity levels.  

 

MATERIALS AND METHODS 

 

Soil preparation and salinity treatments: 

 The arable saline soil with silty clay texture (Typic Haplocambid), was collected from 0–20 cm depth at 

Rudasht agricultural research station in the southeast of Isfahan city, central Iran (32, 29/N, 52, 10/E) with low 

annual rainfall (<100 mm) and high potential evapotranspiration (>1500 mm).  

 The soil was air–dried and passed through a 2–mm stainless steel sieve. The following methods were 

employed to characterize initial soil properties. Soil pH was measured in a soil–saturated paste extract with a 

digital pH meter (Model 691, Metrohm AG Herisau Switzerland). Electrical conductivity (ECe) was determined 

in the same extract with an EC meter (Model 26 Ohm-644, Metrohm AG Herisau Switzerland) [26]. Soil 

organic matter (SOM) content was determined using the Walkley and Black method [24]. The CaCO3 equivalent 

(CCE) was measured by back–titration method. Available soil–P was determined using the Olsen method [25]. 

Available soil–K was extracted with NH4OAc solution and measured by means of the flame method [16]. Total 

N was determined by means of the Kjeldahl method using a Kjeltec Auto 3200 Analyzer. Calcium and 

magnesium were measured by EDTA titration method and sodium was determined by the flame photometer in 

saturated paste extract. 

 The soil was calcareous with the pH of 7.6. The calcium carbonate concentration was 350 g kg
-1

 and the 

organic matter content was 6.5 g kg
-1

. The soil total N, olson–P and available K was 0.99, 12.7 and 253 mg kg
-1

 

respectively. The soil primary ECe was 15 dS m
-1

. Four desalinization treatments were considered for achieving 

four soil salinity levels including 1, 5, 10 and 15 dS m
-1

. In order to minimize the sodicity effect, the sodium 

adsorption ratio of the soil was adjusted between 2.4 to 7.2. For this reason at first a set of leaching experiment 

was conducted to determine quantity and quality of water that was needed to achieve the target soil salinity 

levels. Finally, different amounts of leaching water were made by the 2:1 mass ratio of CaCl2 and NaCl salts and 

applied to the soil. After washing, the soil was dried at room temperature, aggregates were gently broken and 

were sieved to <4 mm [11].  

 

Arbuscular mycorrhizal inoculums and pot culture: 

 Six AMF treatments including four exotic species inoculums, one mixed native AMF species treatment and 

a control treatment (AMF–free soil) were considered in the experiment. An unsterilized saline soil with native 

AMF spores was used as the mixed native AMF treatment. In this soil a mixture of three AMF species including 

Rhizophagus irregularis, Funneliformis mosseae and Claroideoglomus. claroideum were relevant (unpublished 

data). Four exotic AMF species treatments including Rhizophagus irregularis, Funneliformis mosseae and 

Claroideoglomus. claroideum and a mixed of these three exotic species were isolated from an Iranian non–

saline soil. The inoculums were produced on the sorghum roots in sterilized sand in a 4–month period and 

received from Soil and Water Research Institute, Karaj, Iran.  

 For preparing the exotic AMF and control (AMF–free soil) treatments, at first the soil was sterilized using 

an autoclave at 121°C for 20 min. The soil sterilization was done three times on three consecutive days. The 

plastic pots (20 cm height, 20 cm diameter) were filled with 5500 g of non–sterilized soil in native AMF 

treatment and with 5500 g of sterilized soil in four exotic AMF and in control (AMF–free) treatment with a dry 

bulk density of 1.26 g cm
-3

. In exotic AMF treatments, inoculums containing a mixture of sorghum root, AMF 

species spore and sterilized sand were placed at the depth of three cm in the center of each pot. The amount of 

inoculums from each AMF species were based on the same spore numbers in each pot in all native and exotic 
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treatments. Then additional soil was added to the remaining top 3 cm of the pots. To correct the differences in 

microbial communities between native and exotic treatments, each experimental pot received a 50–ml soil 

suspension filtered from the initial studied soil, containing the microbial community without AMF spores [18]. 

Also, a sterilized inoculum was added to the AMF–free treatment. 

 Three wheat seeds (Backcross Roshan cultivar) were sown in each pot. Soil moisture was maintained 

approximately at 90% of the field capacity (FC = 0.24 g g
-1

) during the experiment without any leachate. The 

plants were harvested after two months and fresh roots were used for determining the AMF colonization. 

 

Root staining and mycorrhizal colonization: 

 Root colonization by AMF was determined by root staining using a modified method reported by Vieheilig 

et al. [34]. Before root drying, a fresh root sub–sample was removed from soil and separated into 1 cm 

fragments. Root fragments were cleared in 10% potassium hydroxide and acidified by 1% hydrochloric acid 

solution. A lactoglycerol solution with blue ink was used for staining. Then the excess color was removed by 

distaining solution including lactic acid:glycerol:water at 14:1:1. Root colonization by hyphae was quantified 

using the method of McGonigle et al. [21].  

 

Glomalin measurement: 

 Glomalin extraction was carried out from 1.0 g soil (< 2 mm fraction). The EEG extraction was done by 20 

mM citrate, pH 7.0 at 121
◦
C for 30 min and the TG extraction was performed with 50 mM citrate, pH 8.0 at 121 

◦
C for 60 min. For TG, the sequential extraction was used until the red–brown color typical of glomalin totally 

disappeared. After extraction was completed, the supernatants from each cycle were pooled and centrifuged at 

10000 × g to remove soil particles. The protein concentrations in supernatants were measured by the Bradford 

dye–binding assay with bovine serum albumin as the standard [36].  

 

Soil carbohydrates measurement: 

 Soil hot water (HWC) and dilute-acid extractable carbohydrate (DAC) were extracted by hot distilled water 

(85°C) and 0.25 M H2SO4, respectively and carbohydrate concentrations were measured using a phenol-sulfuric 

acid method [6].  

 

Statistical analysis: 

 Treatments were arranged in a completely randomized factorial design with three replications. The data 

were analyzed using two–way ANOVA and significant differences between means were identified using the 

LSD test. All statistical analyses were performed by means of SAS and statistix 8. Also, the correlation analysis 

were performed using SAS software.  

 

RESULT AND DISCUSSIONS 

 

Root colonization: 

 Microscopic observation showed no colonization by hyphae in the sterilized soil. The AMF and salinity 

treatments significantly affected the root colonization by hyphae (P<0.01). The minimum root colonization was 

observed at 15 dS m
-1

 for all AMF treatments except in native treatment (Table 1). Inhibitory effects of salinity 

on spore germination, hyphal growth and spreading probably were the reasons of decreasing the root 

colonization by hyphae. It seems that the native AMF species are adapted to the saline soil and decreasing the 

ECe to 1 dS m
-1

 inhibited the colonization ability of fungi [33].  

 
Table 1: Arbuscular mycorrhizal fungi (AMF) and salinity effects on root colonization by hyphae (%) in wheat. 

AMF treatments Root colonization by hyphae (%) 

Salinity (dS m-1) 

1 5 10 15 

F. mosseae 52.3 cd 42.0 ef 31.6 gh 21.0 ij 

R. irregularis 32.3 fgh 41.3 efg 30.6 hi 15.3 j 

C. claroideum 33.3 fgh 31.6 gh 43.6 de 16.3 j 

Mixed of exotic AMF 75.3 a 66.0 ab 52.0 cd 32.0 gh 

Mixed of native AMF 31.0 h 67.0 ab 59.3 bc 38.6 efgh 

AMF Free 0.0 0.0 0.0 0.0 

Values with similar letters means non–significant differences (P<0.01) 

 

 The lowest and the greatest colonization in native AMF treatment were at 1 and 5 dS m
-1

, respectively 

(Table1). The only significant difference between mixed native and exotic AMF treatments was observed at 1 

dS m
-1

. In this salinity level the root colonization by hyphae was greater in the mixed of the exotic AMF 

treatment (Table 1). It seems the native AMF species are adapted to the saline condition and decreasing the soil 



222                                                                    Vajiheh Dorostkar et al, 2014 

Advances in Environmental Biology, 8(22) November 2014, Pages: 219-225 

salinity to 1 dS m
-1

 inhibited the colonization ability of the fungi. The use of similar environmental condition for 

AMF from saline soils is essential to maintain their efficiency in root colonization and their functioning [33].  

 The root colonization by hyphae in F. mosseae and mixed of exotic AMF species, increased as salinity 

decreased but in C. claroideum the highest colonization was at 10 dS m
-1

. Different physiological characteristics 

of AMF species in adverse conditions could strongly affect the root colonization by different species in various 

salinity levels [10].  

 

Soil easily and total glomalin: 

 The AMF and salinity significantly affected the soil EEG and TG concentrations (P<0.01). The soil EEG 

concentration ranged from 5 to 882 µg g
-1

 and the soil TG concentration ranged from 68 to 1108 µg g
-1

 among 

different salinity and AMF treatments (Table 2).  

 The soil EEG and TG concentration increased in the presence of different AMF treatments compared to 

AMF–free soil (Table 2). Glomalin production is important for AMF due to physiological and ecological 

benefits [17]. However, the effects of AMF on soil glomalin depended on soil salinity. Significant positive 

correlations were observed between root colonization by hyphae and EEG (r=0.88) and TG (r=0.93) 

concentrations (P< 0.01) (Table 4).  

 
Table 2: Arbuscular mycorrhizal fungi (AMF) and salinity effects on soil easily extractable and total glomalin concentration (µg g-1). 

AMF treatments Easily extractable glomalin Total glomalin 

 Salinity (dS m-1) Salinity (dS m-1) 

1 5 10 15 1 5 10 15 

F. mosseae 747 ab 298 d 218 de 114 ef 903 c 483 f 416 g 296 h 

R. irregularis 121 ef 114 ef 98 ef 93 ef 298 h 297 h 298 h 206 ij 

C. claroideum 115 ef 91 ef 294 d 81 ef 293 h 300 h 486 f 192 j 

Mixed of exotic AMF 882 a 792 ab 503 c 322 d 1108 a 1029 b 712 e 505 f 

Mixed of native AMF 115 ef 755 ab 696 b 490 c 252 hi 898 c 797 d 699 e 

AMF Free 9.1 f 8.5 f 6.0 f 5.0 f 73 k 69 k 68 k 68 k 

Values with similar letters means non–significant differences (P<0.01) 
 

 In the presence of F. mosseae, the EEG and TG concentrations were higher than two other single species in 

all salinity treatments except at 10 dS m
-1

. The C. claroideum was more efficient in glomalin production at 10 

dS m
-1

 than the other AMF species (Table 2). There is some evidence that different AMF species do not have 

the same ability in glomalin production [31]. Our results confirmed that the ability of different AMF species in 

glomalin production was not similar under different soil salinity. Each AMF species has its own physiological 

characteristics and some of their differences were reported including different growth rate, life history behaviors 

and physiology, total length of external hyphae, soil type preference and tolerance to stress [13, 10]. 

 The EEG and TG concentrations were significantly greater in the mixed of exotic species than each single 

one in all salinity levels. However, this difference was not significant for EEG in F. mosseae at 1 dS m
-1

 (Table 

2). Soil is a heterogeneous system and any single species is likely adapted to the soil adverse conditions and the 

AMF community determines the glomalin production [27]. Mardukhi et al. [19] and Yan et al. [38] indicated the 

plant inoculation with more than one AMF species is more beneficial in biomass yield and ecosystem functions. 

Our results also showed the better efficiency of mixed of three species in glomalin production probably due to 

synergistic effects (Table 2). Synergistic effects between AMF were reported by Martin et al. [20]. They found 

that dual inoculation with G. intraradices and G. mosseae resulted in the highest growth response in P. 

lanceolata but by entering a third species (G. geospo-rum) these positive effects reduced.  

 The lowest and the highest EEG and TG concentration in native AMF treatment were observed at 1 and 5 

dS m
-1

, respectively. The glomalin concentrations were significantly higher in the mixed of three exotic species 

than the native AMF treatment at 1 and 5 dS m
-1

 but this trend reversed at 10 and 15 dS m
-1

 (Table 2). It seems 

that more C allocation to roots in native AMF species is one of the adaptation mechanisms in saline soil. This 

adaption probably increased the glomalin production as a glycoprotein [23]. Our results confirmed the 

hypothesis by Hammer and Rilling [12] that the glomalin production might be a stress response in some species. 

They found a significant increase in glomalin production in hyphae of G. intraradices under NaCl stress. 

However, the dominant cation in our experiment was calcium that is toxic only in the higher amounts than 

sodium.  

 

Soil hot water and dilute-acid extractable carbohydrate: 

 AMF and salinity treatments significantly affected the soil HWC and DAC concentration (P<0.01). The soil 

HWC significantly decreased as salinity increment in all AMF treatments except in C. claroideum. In this 

treatment, the maximum value of HWC and DAC concentrations were observed at 10 dS m
-1 

(Table 3). The 

greatest root colonization by this species at 10 dS m
-1 

probably increased the carbohydrate concentration (Table 

1). A significant positive correlation was observed between root colonization by hyphae and HWC (r=0.83) and 

DAC (r=0.80) concentrations (P<0.01) (Table 4). 
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Table 3: Arbuscular mycorrhizal fungi (AMF) and salinity effects on soil hot water and dilute-acid extractable carbohydrate concentration  

(mg g-1). 

AMF treatments Hot water extractable 

carbohydrate 

Dilute-acid extractable 

carbohydrate 

Salinity (dS m-1) Salinity (dS m-1) 

1 5 10 15 1 5 10 15 

F. mosseae 1.75 b 1.47 c 0.99 d 0.59 e 3.68 b 2.52 d 1.78 ef 1.00 i 

R. irregularis 0.99 d 0.98 d 0.60 e 0.59 e 1.40 gh 1.49 fg 0.98 i 1.05 hi 

C. claroideum 0.59 e 0.60 e 1.00 d 0.61 e 1.57 fg 1.49 fg 1.75 efg 1.08 hi 

Mixed of exotic AMF 2.00 a 1.76 b 0.98 d 0.58 e 4.06 a 3.16 c 1.76 efg 1.07 hi 

Mixed of native AMF 1.74 b 1.46 c 1.53 c 1.01 d 2.44 d 1.98 e 2.01 e 1.50 fg 

AMF Free 0.59 e 0.39 f 0.39 f 0.31 g 0.98 i 0.97 i 0.60 j 0.41 j 

Values with similar letters means non–significant differences (P<0.01). 

 

 The HWC concentration in the presence of AMF was higher in average 3.3, 4.5, 3.9 and 3.2 fold compared 

to AMF–free soil at salinity of 1 to 15 dS m
-1

,
 
respectively. In addition, the AMF treatments increased the DAC 

concentration in average more than two fold in all salinity levels compared to AMF–free soil (Table 3). Wu et 

al. [37] also reported positive correlation between AMF hyphae and carbohydrate concentration. Mechri et al. 

[22] reported that AMF could affect the root exudates and therefore change the concentration and composition 

of carbohydrates in soil. In addition, the AMF hyphae can influence the soil carbohydrate concentration directly. 

Hooker et al. [13] reported that some carbohydrates are released through lived AMF hyphae or through hyphae 

decomposition. 

 Another explanation for positive effect of AMF on soil carbohydrate could be the glomalin production by 

these fungi. Five percentage of soil carbon related to the glomalin [37]. Positive correlation between soil EEG 

concentration and HWC (r=0.80) or DAC (r=0.79) probably confirmed this hypothesis (Table 4).  

 
Table 4: Pearson correlation coefficient between measured parameters.  

 Root colonization by 
hyphae 

Easily extractable 
glomalin 

Total 
glomalin 

Hot water 
extractable 

carbohydrate 

Easily extractable glomalin 0.88**    

Total glomalin 0.93** 0.98**   

Hot water extractable 
carbohydrate 

0.83** 0.80** 0.81**  

Dilute-acid extractable 

carbohydrate 

0.80** 0.79** 0.81** 0.92** 

* means P<0.05; ** means P<0.01; ns means not significant. 
 

 The soil HWC and DAC concentrations were significantly higher in the mixed of exotic AMF species than 

the native AMF treatment at 1 and 5 dS m
-1

. These two types of carbohydrates were higher in F. mosseae than 

two other single species in all salinity levels. However, any significant differences were observed among all 

individual AMF species at 15 dS m
-1

 (Table 3). Hooker et al. [13] reported that the AMF hyphae can uptake 

sugars. Thus, the effect of AMF on soil carbohydrate concentration is logically a balance between sugar release 

and uptake by hyphae in different species. Also, the hyphae turnover in to the soil is between 3 to 5 days and it 

could be another explanation for different AMF ability in carbohydrate release in to the soil [13].  

 

Conclusion: 

 The root colonization by hyphae decreased by salinity increment in all AMF treatments except in native 

AMF treatment. The native AMF had the lowest ability in root colonization at 1 dS m
-1

 (non-saline soil). The 

soil EEG and TG concentration and the HWC and DAC concentration increased in the presence of different 

AMF treatments compared to AMF–free soil. However, the effects of AMF depended on soil salinity. It seems 

that the ability of F. mosseae, for glomalin production was the greatest among individual exotic AMF species in 

all salinity treatments except at 10 dS m
-1

. The C. claroideum species was more efficient in glomalin production 

and increasing soil carbohydrate concentration at 10 dS m
-1

. The mixed of native AMF species were more 

efficient for increasing soil glomalin and carbohydrate concentrations than the mixed of exotic AMF species at 

two greatest salinity levels (10 and 15 dS m
-1

).  

 Our findings showed that selecting suitable combinations of AMF species and salinity levels would be 

necessary to increase soil quality.  
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